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Abstract 

PuJged-field gal electrophoresis was proven to be an efficient means of differentiating 25 strains of Bifidobacterium obtained 
from culture collections, Xbal t Spcl, Dral restriction enzyme profiles indicated genomic heterogeneity among strains. When 
seven human isolates of bifidobacteria were compared using Cue same methods, cwo individual banding patterns were obtained. 
Ho^vever, despite its a^rirninatory potential, pulsedVfleld gel electrophoresis was shown to be of no value in,, taxonomic 
identification. Genomic sizes estimated for eight Bifidobacterium strains ranged from L5 Mb to 2.1 Mb. 

teywrdu BtfldabacMrhun; fruis«d-6*id gel electrophoresis: Chromosome en* 



1. Introduction 

The genua Bifidobacterium is among the three most 
prevalent bacterial genera in the human colon. Ac- 
cording to the most recent classification the genus 
consists of 32 species, 12 of which are of human 
origin [1], Differentiation of species within this genus 
has traditionally relied on DNA-DNA homology or 
various phenocypic characteristics [2]. The reputed 
therapeutic value of these microorganisms, has re- 
suited in their incorporation into many functional 
foods. Because of this, considerable effort has since 
been devoted to the application of various molecular 
techniques for the rapid identification of strains. 
These include the use of genus-specific [3], species- 
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specific [4] and strain-specific (5] probes based on 
appropriate 16S rRNA sequences. rFLNA gene re- 
striction patterns or randomly cloned DNA frag- 
ments as species-specific DNA probes have also 
been used to distinguish between Species [6/7]. 

Tho technique of pulsed-field gel electrophoresis 
(PFGE) has been exploited to successfully unravel 
the organisation of many bacterial genomes reveal- 
ing the presence of multiple chromosomes, linear 
chromosomes or large plasmids in different hosts. 
Rare cutting enzymes employed in conjunction with 
PFGE have allowed species identification and strain 
classification within the same species and have also 
provided useful data for estimating genome size and 
for genome mapping [8]. Until recently, inforrnacioa 
on genomic organisation of bifidobacteria was lim- 
ited to one species of the genus which described in- 
tra-species polymorphisms becween four of five B. 
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breve strains examined [9]. However, 'Roy ct al. [10] 
provided a more extensive study, in which PFGE 
was used to compare a bank of dairy-related bifido- 
bacteria comprising culture 'collection and commer- 
cial strains. The method was successful in distin- 
guishing between strains even within a given species 
and in establishing the origin of commercial strain3. 

The aim of this study was to employ PFOE to (0 
determine intra- and inter-species genetic diversity of 
a number of culture collection typed strains of bifi- 
dobacteria including representatives of the four prev- 
alent human species, (ii) evaluate the technique of 
PFGE as a means of differentiating between and 
speciating a range of human bifidobacteria! isolates, 
and (iii) estimate genomic sizes for representative 
strains. 



2. Materials and method* 
2.L Bacterial strains 

Bifidobacteria strains studied are listed in Table 1. 
Bifidobacteria were routinely cultured in TPY broth 
[11] at 37*C under anaerobic conditions which were 
maintained using the anaerobic Gas Pak system 
(Merck, Darmstadt, Germany) in an anaerobic 
chamber. 

2 J. Preparation of bacterial plugs 

Agarose plugs containing genomic DNA were pre- 
pared as follows: 100 ml volumes of TPY were in- 
oculated (2%) with the appropriate microorganism. 
When an ODsoonm of ~ 1 was attained the cells were 
harvested, washed once in 50 mM EDTA, pH 8.5 
and Anally resuspended in 1.5 ml of the same solu* 
tion. 500 ul of this cell suspension was heated to 
42*C and mixed with 3 mi of molten 1% low melting 
point agarose and the resulting solution was poured 
into the mould chamber (Bio-Rad, Richmond, CA. 
USA). Solidified blocks were incubated for 4-16 h in 
lysozyme solution (2 mg ml' 1 lysozyme, 0.05% N« 
fauryl sarcosine in 50 mlVLEDTA, pH 8.5). The 
blocks were then heated overnight (12-16 h) with 
proteinase K. at 42°C (2 mg ml -1 proteinase K, 1% 
' SDS. 0.1 M Tris in 50 mM EDTA, pH 8.5). Inserts 
were washed fit least three tiroes with 50 mM EDTA, 



Tabfe i 

B ifidobacterium strains 
Species 



B. blfidum 



A infantis 



R, adottsotntu 



Bifidobacterium ap. 



B. angulation ' 
B. caimuiattun 



Strain 


Source 


NCTB 1452 


Nursling nools 


NCFB U53 


Nunlinj Jtools 


NCFB 1454 


Nuriling j?0ols 


NCFB 1455 


Nvralins Jtoots 


NCFB 1456 


Nursling stootd 


NCFB 2203 


Infant iuiaMiiJe 


NCIMB 8310 


Nursling stools 


Chr. Hansen* 12 


Commercial strain 


NCFB 2255 


Infaoc intestine 


NCFB 225* 


Infant intestine 


NCFB 2205 


Infant intestine 


Vtsby 420 


Uj UlC IuAL atislu 


NCFB 2257 


Infant intestine ' 


NCFB 2258 


Injani intestine 


NCXM3 8815 


rsuraiLng iwois 


NCIMB 8807 


Nursling stools 


NCTC 11815 


tnfaot intestine 


NCFB 2204 


Adult intestine 


NCFB 2229 


Adult intestine 


NCFB 2230 


Adult intesdne 


NCFB 2231 


Adult intestine 


NCTC 11814 


Adult intestine 


UCC 35612 


ArLutt intestine 


UCC 33624 


AduJt hitesdne 


UCC 35658 


Adult intestine 


UCC 35*52 


Adult intestine 


UCC 35575 


Adult Intestine 


UCC 35678 


Adult htMtino 


UCC 35687 


Adult hies one 


NCFB 2236 


Human faeces 


NCFB 2246 


Human fteces 


NCIMB 88U 


Nutsling stools 



NCFB: NAriomil Collecdon of Food BAcuria, Reading, UK.- 
NCIMB: National Collection of Industrial and Marine .Bamna, 
Aberdeen. UK, NCTC: National Culture Type Collection, Lon- 
don, UK. UCC; Culwre CoUecrion, University College, Cork, Ire- 
land. Yi6by: Uboraiorium Wiesby, Germany. Cnr. Hansen* Lab- 
oratory A/S, Copenhagen, Denmark. 

pfl 8.5 attoom temperature with gentle shaking and 
were finally stored in the same solution at 4°C. 

2.3, Restriction digestion of DNA in agarose blocks 

Agarose blocks weie cut into 1x2x5 mm seg- 
ments with a scalpel and washed in 1 ml sdHjO on 
ice for 15 min to lower the EDTA concentration in 
the plug. The water was replaced with 1QO-200 ill 
restrictioa endonuclease buffer and left to equilibrate 
overnight at 4°C The buffer was replaced and the 
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appropriate restriction endouuclease added. Diges- 
tion was performed at the recommended temperature 
for the chosen enzyme. 

2.4, PFGE 

Separation of DNA fragments was performed in h* 
CHEF DEI II apparatus (Bio-Rad). Agarose gels 
were prepared using 1% pulsed-Seld certified agarose 
(Bio-Rad) in 0.5XTBE (45 mM Tris, 45 mM boric 
acid, 1 mM EDTA, pH 8.0). Electrophoresis was 
performed at 8°C with pulse times varying with this 
stie range of DNA fragments. To resolve fragments 
in che size range 150-600 kb switch times of 6-60 a 
were used, for 40-200 kb fragments switch times of 
l r 20 s, and for fragments of 20-45 kb switch limes 
varied botween 0.1 and 5 s. The sizes of the restric- 
tion fragments were determined by comparison with 
standard size markers. The standards used were 
Lambda ladder PFO Marker (48,5-1018,5 kb), Yeast 
Chromosome PFG Marker (225-1900 kb) and Low 
Range Marker (0.13-194 kb), all obtained from New 
England Biolabs (Beverly. MA). Gels were ethidium 
bromide-stained and photographed on a UV trans- 
illuminator using either a Polaroid MP4 Land cam- 
era containing type 667 film or a UVP image store 
5000 Gel Documentation System linked to a Sony 
video graphic printer. 



3, Results and- discussion 

Molecular technologies art currently the favoured 
methods for discriminating between strains of many 
different bacterial genera. In general, the available 
literature indicates that even though it is more 
time-consuming and labour-intensive, for many gen- 
era PFGE is more effective than ribotyping, SDS- 
PAGE or random amplified polymorphic DNA 
(BAPD) PCR assays in discriminating between 
strains [12]. Because of this PFGE was chosen in 
this study as a means of distinguishing between bifi- 
dobacteria! strains. In this siudy 25 typed bifidobac 
terjal strains representing the four predominant spe- 
cies present in the human intestine were first digested 
. with restriction enzymes and resultant profiles com- 
pared. These included A bifidum (8 strains), B. ado- 
bscenris (5 strains). A Infantis (4 strains), A breve (5 
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"strains) and three other strains (A angulation B. 
catenulantrth A pseudocatemdatum) of species less 
frequently isolated from humans. In addition seven 
human isolates were examined in a similar manner. 

3./. Selection of suitable enzymes for PFGE analysis 
of Bifidobacterium species 

Physical genome analyses require restriction en- 
zymes that cut the bacterial genome into a limited 
number of fragments. Due to the high GC content of 
bifidobacteria (55-64%) enzymes incorporating AT- 
rich sequence [Dral, Asel, Sspl) or 8 bp sequence 
(Sfil* iVbrl, Pad, Swal, Asel) In their recognition 
sites or possessing the tetranucleotide CTAG in their 
restriction sites (Xbal Spel AvrJJ) were tested, as 
these would be expected to cleave such genomes in- 
frequently [13]. Only Asel, Spel and Xbal proved to 
be suitable in that they produced fewer than 30 
bands. Dral was a very effective rare cutter for Bifi- 
dobacterium sp. 35612 but continuously resulted in 
partial digests for a number of other strains. Em- 
ploying different switch times enabled good resolu- 
tion of fragments of all molecular masses. 

3,2. Comparison of genomic restriction digest patterns 
of culture collection strains 

It was of interest to study whether strains within 
the same species could be differentiated by PFGE. 
Initially the- 25. culture collection strains were exam- 
ined. These included some 'type' strains which, 
. although obtained from different culture collections, 
are believed to be identical. Of the five A breve 
strains analysed some appeared to be genetically sim- 
ilar (Fig. 1). The type strains 2257 and 11815 which 
are listed in the culture collections as being synon- 
ymous appeared indistinguishable when digested 
with Xbal (Fig. 1, lanes 1 and 5) and when digested 
wiih Spel profiles differed by onty one band. Strains 
8815 and 8807, which according to collection cata- 
logues listings are pheno typically different, were 
shown to display very related patterns. Xbal macro- 
restriction analysis of these strains resulted in profiles 
with very minor differences (one obvious band; Fig. 
I, lanes 3 and 4). When five strains of the species A 
adolescentis were examined in a similar manner they 
also appeared genetically quite homologous, and 
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Fig. I, Xbal macro restriction profiles of five ft. brrvt stralna. 
PFGfi performed at 180 V for 24 h wlch a ramped iwltch 
lime of 2-12 a. Lane 1, ft 6«v* 2257; time 2, ft 6™ 2238; 
laoc 3 f & 6rw 6815; hue 4. B. bnw 8807; lane J, ft brev't 
11315. 



again the type strains 11814 and 2204 produced the 
expected identical patterns when digested with Xbal, 
Spsl and Oral (data not shown) reiterating the re- 
producibility of this method- The seven strains rep- 
resenting the species ft bifkhtm exhibited a greater 
degree of genomic heterogeneity wixh both Xbal and 
Spel restriction digests (Fig. 2)> The profiles obtained 
in this study for strain 2203 appeared to correlate 
well with XbaVSpel digests of* the same strain 
(ATCC 15696) reported by Roy et a]. [10]. The 
type strains 8810 and 1454 displayed identical pat- 
terns (data not shown) but in general the strains 
within this species appeared 'quite diverse. When 
strains of this and other species were compared, in- 
ter-species differences were not found to be any more 
pronounced than intra-species differences (Fig, 2). In 
fact, ft pzeudocatewlatum 83Z 1 and ft bifidum 1455 
displayed identical patterns (Fig, 2, lanes 4 and 7), 
These strains, obtained from different culture collec- 
tions, are believed to be phenotypicaUy identical 
although speciaced differently. While four strains 
from the species ft in/antis were compared, all pro- 
duced different patterns when digested with Xbal 
and S/wI (Xbal digests of three strains shown in 
Fig. 3, lanes 5, 6, 7), Intra-species relatedaess did 
not appear to be greater than inter-species related- 
ness, e.g. when digested with the same enzyme, the 
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Fig. 2. TotaJ DNA digested wiih Sp*L Gels were resolved at ISO 
V for 24 h witti a ramped switch time of 2-12 $, Lane I, low 
range PPG marker; lane 2, B. bifidum Chr. Hansenj 12; laoa X 
ft catemtiatum 2236; lane 4, ft puudowtnutatum 38 Li; lane S. 
ft bifidum 2203; lane 6. ft b{fidu*\ 1456: lane 7, ft bifidum 
1455: iane 8, A bifidum 1454; Jane 9, ft bifidum J453; lane 10, 
ft bifidum 1452. 

three largest ft infantis 2256 fragments co-migrated 
with .three of the four largest ft, pseiudocatenulatum 
88 U fragments, only one of which co-migrated with 
fragments from the related species ft catenulatum 
(Fig. 3, lanes 6, 3 t 4). However, over a range of 
digests ft catenulatum and ft pseudocatehulatmn 
were shown to consistently result in a greater num- 
ber of co-migrating bands. DNA-DNA homology 
studies have indicated that the species ft catenulatum 
and ft. pseudocatenuiatum are very similar in that 
they exhibit degrees of homology as high as 75% 
[2], In this study the similarity of macrorestrictioa 

12 3 4 5 6 7 

kb 
194> 

970 
45.5 »i 

Fig. 1 Xba\ diguu of toraf DNA from Bifida bcc«*r(um srraJaa. 
Oeh were run ac 180 V for 24 h with a ramped switch time of 
2-1 0 s. Lane I. tow range PFQ marker: lane 2, ft mgufotunr 
NCFB 2236; lane 3. ft pteudoasienutatwv NCIMB SS1(: lane 4. 
ft ccuenuluiwh NCFB 224$: lone 5. ft infantis Vj s by 420; lane 
6\ ft tnjanrts NCFB 2256: lane 1, ft tytmtu NCFB 2255- 




PAGE 14/16 * RCVD AT 1 1/2112006 4:38:05 PM [Eastern Standard Time] * SVR;USPTO-EFXRF-6/38 1 DNIS:2738300 * CSID: * DURATION (mm-ss):02-54 



11/21/2006 17:32 FAX 



12)015/016 



K O'Rlardem. G.f. f!t:$eratdi FEMS i) 



oa.Bkb 




Fig. 4. Comparison of Ami and Ascl digests of human bifldnbac- 
ceria Isolwei. PFOE performed at 180 V for 24 h wiift a 
ramped switch time of 3-5 s. Lana L f low range PPG marker; 
Une 2, A bifidum 2203 (XmI); **ne 3, Bifidobacterium isolate 
33612 lane 4. B0do6acterUtm isolate 3562a (^1); lane 5, 

Bifidobacterium isolate 35658 (/i\rer); lane 6, & 6tfrfum 2203 
(AsO)\ lan© 7, Bifidobacterium isolate 35612 (jtol); lane S, Btfi- 
dehactetUim isolate 3562* (Airl); lane 9, w Bifidobacterium Isolate 
356*55 (AicI), lane 10. lov range PFG marker. 

patterns obtained for 1455 and 8811 with those ob- 
tained for B. catenulaium suggest that these strains 
are indeed better classified as B. pseudocatemdatunt. 

3,3, Comparison of genomic patterns of human 
isolates 

A bank of seven human intestinal isolates, classi- 
fied as members of the genua Bifidobacterium both by 
their 3:2 acetate: lactate ratio as determined by 
HPL'C and by classical* positive fructose 6-phosphate 
phosphoketolase reactions, were also .compared by 
PFGE. As these particular, strains were all isolated: 
from one individual it was of interest to determine if 
they were identical. Therefore the strains were com- 
pared by restricting their genomic DNA with a num- 
ber of enzymes (AvrJl t Bral, Asel, Xbal, Spel, Wotl). 
Only two classes of restriction patterns were ob- 
tained with isolate 35658 displaying a different band- 
ing pattern to each of the other isolates. The two 
types of banding patterns generated for Axel and 
Ascl are shown in Fig, 4 (lanes 3-5 and 7-9, respec- 
tively). 

The patterns obtained from the two human isolate 
groups (represented by 35658 and 35612) were com- 
pared to digest patterns of a number of culture col- 
lection strains (B, adolescenris, B- angulation, B. bifi- 
dum, B. infaniis. B. longum, B. pseudocaimulatum 
and B. breve) in an attempt to identify the isolates 
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to species level. However, although co-migrattng 
bands could be identified, due to the extreme sensi- 
tivity of this method, species boundaries could not 
clearly be defined. It would therefore appear that 
although PFGE is a good discrirninatory technique 
it would require a great deal of screening to establish 
its taKonomic relevance. 

3.4. Genomic s&es 

Genome sizes were estimated For eight strains rep- 
resenting different species (B(fidobacteriwn sp. 35612, 
jB, angulatum, B. catenulatwn, B. pSeudo catenulatum, 
B. bifidum, B, breve, B. infantis. B. adolescentzs; see 
Table 2), Fragments obtained from at least two dif- 
ferent enzymes were sized. In addition* each gel was 
run under three different ramped switch times as 
described in Section 2 to obtain maximum resolution 
of different molecular mass fragments. In each case 
tha size of the restriction fragments was determined 
as described by Heath et al. using two flanking size 
standards [14]. The presence of multiple bands was 
assessed by visual evaluation of ethidium bromide 
staining. Estimated genome skes ranged from 1.5 
Mb to 2.1 Mb with an average genome size of 1.8 
Mb. This value places them in the lower category 
size range for bacterial chromosomes, smaller than 



Table a 

Ocnome resificclon analysis of Bifidobacterium Strains by PFGE 



Strain 


En^ytne* 


Total number Genome 
of restriction sue (Mb) 
fragments 


Btfidobacterfum sp. 356 J 2 


Xbal 


18 


1.S5 




Spel 


21 


1.5 




Oral 


11 


1.79 


B M^utatum 


Xbal 


16 


1.77 


Spel 


13 


1.50 


B. eaiamdaium 


Xbal 


IS 


1,46 




Spel 


IB 


1.69 


A ps9iidoemtnutatnm 


Xbal 


19 


us 


Spel 


19 


1,55 


B bifidum 3910 


Xbal 


16 


1.96 


Sp*l 


25 


1.80 


B. breve 2257 


Xbal 


11 


1.53 \ 




Spel 


21 


1.64 


B infentu 2255 


Xbal 


18 


1,67 


Spel 


23 


2.07 


B, adaleiccjith 2231 


Xba\ 


16 


1.97 


Spal 


19 


2.02 



PAGE 15116 1 RCVD AT 11121/2006 4:38:05 PIKI [Eastern Standard Time] * SVR:USPT0-EFXRF-6I38 1 DNIS:2738300 * CSID: * DURATION (mm-ss):02-54 



11/21/2006 17:32 FAX 



121016/016 



254 Jt O'&tordan, ff.f. Hizgiratdf fEMS Mtc 

the genetically related Actinomycetaceae, Streptomy- 
ces 5p. (6.5-8.2 Mb) aad Corynebacterium gtutaml- 
cwn (2.987 Mb) [IS]. PFOE although a popular 
method of chromosome sizing can at best only be 
relied on to give an estimated value. The values ob- 
tained for B. breve NCFB 2257 is very close to the 
1.6 Mb value, proposed by Roy et aJ. [10] for the 
synonymous strain A breve ATCC 15700 but lower 
than the 2.1 Mb Yalu&s reported by others for mem- 
bers of the same species [9], Profiles obtained For B. 
infentis strain NCFB 2205, when compared to those 
described previously [10] for the equivalent strain 
ATCC 15697, revealed some slight differences. In 
this study a greater number of smaller sized bands 
resulted in a higher genomic size of approximately 
L87 Mb compared to the 1 J Mb reported by Roy et 
ai, [10]. This study is ako the first to report estimated 
genome sizes For strains of A angulation, A catenu- 
latum or A pse\tdocat$nnlaiwn. 
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